INTRODUCTION
Middle Devonian rocks are widespread in the Spanish Central Pyrenees (SCP), but few studies of these strata have focused on their paleontology and sedimentology. Only in the last 40 years has the research been intensified (Mey, 1967a,b; Hartevelt, 1970; Boersma, 1973; Zwart, 1979; Valenzuela-Ríos and Carls, 1994; Sanz-López, 1995 , 2002 Valenzuela-Ríos and Blieck, 1996; Liao et al., 2001 Liao et al., , 2007 Valenzuela-Ríos and Liao, 2006; Ginter et al., 2008; , 2012 Gouwy et al., 2013) . One of the relevant earliest works for conodont studies was Boersma (1973) , which was the initial study of several important Middle and Upper Devonian sections. A few of those sections were recently resampled at a higher resolution and studied in detail: Compte section (Liao and ValenzuelaRíos, 2008) , Villech section (Gouwy et al., 2013) , Renanué section (Liao et al., 2001 and La Guàrdia d'Ares section . In spite of the abundance of conodonts, each section had intervals in which the biostratigraphic detail was not sufficient for correlation. In a case like this, the use of the graphic correlation method can be a solution for the high resolution correlation problem. This method (Shaw's method; Shaw, 1964) has the advantage that it uses first and last occurrences of all fossil taxa present and is not limited to the index taxa as is the case in most biozonal classifications and correlations. Shaw's method offers a higher resolution than can ever be attained with many biozonal correlations. Moreover, the method does not assume that the entries of zone-defining species are synchronous everywhere and emphasizes they can only be considered isochronous or nearly so through demonstration of their position on or very close to the Line of Correlation (Shaw, 1964) .
Graphic correlation of Middle Devonian sections began with Belka et al. (1997) on Eifelian and lower Givetian sections of the eastern Anti-Atlas (Morocco). Six well-studied sections were correlated with the Jebel Ou Driss section as standard reference to form the basis of the Middle Devonian graphic correlation project. Bultynck (2002, 2003) added Middle Devonian sections from the Ardenne (Belgium) to the database and Gouwy, et al. (2007) enriched the database with upper Givetian data from the eastern Anti-Atlas.
The aim of this paper is to increase the resolution power of biozonal correlations in the Middle Devonian of the Spanish Central Pyrenees by using regional graphic correlation of sections from the Compte subfacies area. Three well-studied sections from this area will be included: Compte, Villech and La Guàrdia d'Ares. The resulting range chart will be compared to the current Middle Devonian database. In the future, sections from this and from other subfacies areas might be added to this regional project.
The relevance of the selected region rests on the importance of sound data from the Armorica Terrane in the context of Devonian paleogeography and the position and interrelation of the terranes of the perigondwanan regions around the north margin of Gondwana. Our data will help to calibrate current, and divergent, ideas and proposals on the position and evolution of this array of terranes that are referred to as perigondwanan terranes [Armorica, Perunica, Alpine fragments (compare Cocks and Torsvik, 2006) ].
GEOLOGICAL BACKGROUND

Paleogeographic Setting
The Variscan terranes that later formed the Spanish Central Pyrenees were situated in the southern hemisphere, at about 30-40° latitude during the Middle Devonian. They were part of an extensive shelf area formed at the northwestern margin of Gondwana (Figure 1 .1) (Golonka, 2000; Robardet, 2003 and references therein) included in the Armorican Terrane Assemblage (Cocks and Torsvik, 2006) . Their collision with Eurasia between the Late Cretaceous and the Early Miocene led to the formation of the Pyrenees. The Pyrenean Paleozoic rocks now belong to the south flank of the European Variscan Chain where south-verging structures prevail, south of the North Pyrenean Fault Zone (Figure 2 .1).
Devonian Deposits and Their Lateral Variations
The Devonian lithologies from the central Pyrenees change laterally and are grouped into four different large "facies areas" (Mey, 1967a; Zwart, 1979) . The concept of subfacies in the southern facies area was introduced by Mey (1967a) who distinguished the Sierra Negra, Baliera, Renanué and Compte subfacies based on the grouping of similar Devonian sequences (Figure 2 ). Subsequent authors (Boersma, 1973; Zwart, 1979) regrouped the stratigraphic units. Since the work of Valenzuela-Ríos and Liao (2006) , who reappraised Mey's subdivision, enough data have been accumulated to support the initial four-fold subdivision (Liao and Valenzuela-Ríos, 2012, 2013; Gouwy et al., 2013) .
The current study focusses on the Compte Subfacies, part of the southern facies area. In this subfacies, the upper part of the Emsian, the Middle Devonian and the Frasnian are represented by the Villech and Comabella formations. Age assignment of these two formations and position of the Givetian-Frasnian boundary were discussed and updated in Valenzuela-Ríos and Liao (2006) . According to these authors, and taking into account previous results of Montesinos and SanzLópez (1999) , the Villech Formation ends in most sections within the serotinus Zone, but in one section (Serra Comabella, Montesinos and SanzLópez, 1999) this formation can extend into the overlying patulus Zone. These data suggest a slightly diachronic boundary for the base of the Comabella Formation in the upper Emsian (Lower Devonian).
DATA
Three sections belonging to the Compte Subfacies: Compte , La Guàrdia d'Ares and Villech (Gouwy et al., 2013) 1-2) were correlated in this study. All three sections expose the lower part of the Comabella Formation and are composed of variegated, bedded and nodular limestones. These limestones show similar microfacies and a diversity of conodonts belonging to an offshore marine or deep water marine facies. This set of sections comprises one of the richest Middle Devonian conodont sequences in the area and stretches from the lower Eifelian to the lower Frasnian (Valenzuela-Ríos and Liao, 2006; Liao and Valenzuela-Ríos, 2008, 2013; Gouwy et al., 2013) . Barnolas and Pujalte (2004) ], 3. Map of the Devonian facies areas and subdivision of the southern facies area in the southern Spanish Pyrenees [modified from Zwart (1979) ], studied area in black square, location of the sections indicated by black stars.
Compte Section
The Compte section is exposed along the road approximately 15 km north of La Pobla de Segur on the right bank of the Noguera Pallaresa River (Figure 1 .3) and was sampled for biostratigraphic study by . The studied section covers the lower part of the Givetian to the lower Frasnian and is part of a larger outcrop comprising Lochkovian to Famennian deposits. This section has the highest sample resolution of the three correlated sections: 142 samples in a 29 m thick section within the Comabella Formation and consists of an alternation of dark and light grey and sometimes pinkish, thick bedded, massive limestone and nodular limestone. In the middle part of the section, several small covered intervals interrupt the succession. The base of the studied interval is tentatively positioned within the hemiansatus Zone. The conodonts are not diagnostic and do not allow a precise positioning of the lowermost part of the section. The lowest conodont zone that can be accurately identified is the rhenanus/varcus Zone, in the lower third of the section. The middle third is recognized as the ansatus and semialternans/latifossatus zones. The upper third of the section comprises all upper Givetian conodont zones and the Frasnian zones 1-3 ; new terminology of the Frasnian conodont zonation by Gilbert Klapper and William T. Kirchgasser [Klapper and Kirchgasser, 2016] ).
La Guàrdia d'Ares Section
The La Guàrdia d'Ares section used for the graphic correlation is located in between the Compte and Villech sections (Figure 1. 3), about 1.5 km east of the village of La Guàrdia d'Ares. The study of this section based on 129 samples revealed upper Eifelian to lower Frasnian deposits . The succession in La Guàrdia d'Ares consists of massive and nodular grey, thin bedded limestone with near vertical inclination, interrupted by a fault and followed by thick limestone beds in an anticlinal fold structure. The lowermost part of the studied section is positioned within the kockelianus Zone and kockelianus-ensensis zones interval. For several of the Givetian conodont zones, the zone-defining taxa have a delayed first occurrence. The Frasnian zones 1-3 and all Givetian conodont zones, except for the rhenanus/varcus and Upper varcus zones, can be positively identified, some based on associated taxa. The position of the bases of the hemiansatus, ansatus, semialternans-latifossatus and Upper hermanni zones is still uncertain .
Villech Section
The Villech section is located about 18 km east of La Seu d'Urgell (Figure 1.3 ) and 3.5 km southwest of Martinet. The 54 m thick section is exposed on the eastern slope of the hill and in an abandoned quarry along the narrow road going from Martinet to the village of Villech. It shows the lower part of the Comabella Formation, consisting of nodular limestones and condensed red beds in the lowermost part of the section followed by condensed, pinkish-greyish limestones with hardground development, especially in the upper part of the section. The Villech section is part of a series of almost continuous outcrops and was the subject of a biostratigraphic study by Gouwy et al. (2013) based on 52 conodont samples. The section starts at the base of the Comabella Formation, which is positioned in the costatus Zone (lower Eifelian) as indicated by the lowest local record of Polygnathus angustipennatus. The kockelianus and eiflius zones are recognized in the lower part of the section. The ensensis and hemiansatus zones (uppermost Eifelian and lowermost Givetian) have not been found. A covered interval in the section hindered sampling around the expected position of the Eifelian-Givetian boundary. All other Givetian biozones were recognized in the upper part of the section followed by the Frasnian Zone 1 in the lowermost Frasnian (Gouwy et al., 2013) . The disparilis Zone in the section was subsequently subdivided into a lower and upper subzone by Liao (2014) . A narrow interval of black shale and black limestone in the upper part of the section could be the local signature of the global Taghanic Crisis (Liao et al., 2010) .
GRAPHIC CORRELATION METHOD
For graphic correlation, the Compte section was chosen as the standard reference section, since it contained the most detailed Givetian conodont range chart (Liao and Valenzuela-Rios, 2008) . The Compte section was preferred over the Villech section as reference, because although the latter has thicker Givetian deposits, the section is interrupted by two faults and it does not provide the high biostratigraphic resolution given by the study of the Compte section. The first occurrence datum (FOD) and last occurrence datum (LOD) of conodont taxa plotted in the field of the graphs ( Figures  3-4) allow the construction of the line of correlation that represents the point-by-point time-equivalence 6 of the sections. Since graphic correlation uses first and last occurrences of all taxa present, it is not affected by the assumed isochronous nature of zone-defining taxa of biozonal correlations. This key characteristic of the method is especially useful in areas where delayed FODs of zone-defining taxa have been demonstrated, as for some Givetian taxa here in the SCP: Polygnathus hemiansatus, P. timorensis and P. varcus in all three sections, P. rhenanus in the Villech section, and "Ozarkodina" semialternans in the La Guàrdia d'Ares section ( Figure 5 ). Diachrony of FODs of important conodont taxa was already demonstrated through graphic correlation for the Middle Devonian of the eastern Anti-Atlas and the Frasnian of the Montagne Noire and western Canada (Klapper, 1997) . The line of correlation (LOC) is positioned in a way to cause the least disruption or changes to the first and last occurrences of taxa in the reference section. Ideal plots have all the FODs to the left and LODs to the right side. Through LOC, data from the Villech and La Guàrdia d'Ares sections are projected onto the reference section initiating the construction of a composite standard (CS) for the SCP.
CORRELATION GRAPHS
The third round correlation graphs ( Figures  3-4) both show multi-segment lines of correlation with variable segment slope. As is typical for the early stage of a graphic correlation project, the clouds formed by the correlation points are rather wide. Since only three sections have been used to build the Composite Standard (CS) so far, the CS cannot yet be considered 'mature'; each newlyadded section, therefore, might still adjust first (FOD) and last occurrence data (LOD) in the CS and extend the regional conodont ranges.
The correlation graph of the Villech section ( Figure 3) shows a line of correlation consisting of eight segments and intersecting with the FODs of Polygnathus ansatus (28), Tortodus caelatus (41), Schmidtognathus hermanni (48), Klapperina disparilis (54), Skeletognathus norrisi (64), Ancyrodella pristina (69) and Ad. rotundiloba (73) and the LODs of P. costatus (6) and Icriodus obliquimarginatus (17). The Eifelian part of the graph is based on the cross-correlation between the Villech and La Guàrdia d'Ares sections. The lower part of the LOC is not well constrained by correlation points, and the illustrated position of the LOC is one of several possibilities (dashed lines on Figure  3 ). This one is preferred because of its intersection with the LOD of P. costatus. For the Eifelian, the Villech section contains longer taxa ranges than the CS, the FODs plotting to the right of the line of correlation. These ranges are extended in the CS by projection of the correlation points onto the CS through the LOC. Continued research on the lower Eifelian part of the Villech and La Guàrdia d'Ares sections will allow more accurate positioning of the lowermost part of the LOC. The upper Givetian correlation points form a narrow channel in which a tightly controlled LOC can be drawn. The closer the points are to the LOC, the slighter the diachrony is between the occurrences in the Villech section and in the CS. The La Guàrdia d'Ares correlation graph (Figure 4) shows a broader cloud of FODs and LODs for the Eifelian compared to the Villech correlation graph, indicating that the taxa ranges in the La Guàrdia d'Ares section are less 'mature' than the taxa ranges in the CS. The LOC, built of nine segments, runs through the FODs of Icriodus obliquimarginatus (17), Polygnathus hemiansatus (19), P. ansatus (28), P. limitaris (47), Klapperina disparilis (54), P. dengleri (56), Skeletognathus norrisi (64), Ancyrodella pristina (69), Ad. rotundiloba (73) and Ad. alata (80). In this section the FOD of P. hemiansatus is delayed and coincides with the base of the timorensis Zone. The base of the Givetian is here indicated by the FOD of I. obliquimarginatus. The position of the lowermost segment of the LOC is suggested by the LOD of P. costatus (6). Future sampling and extension of the study interval downward will give extra data points for the positioning of this segment. The subhorizontal second segment of the LOC suggests that deposits of the upper part of the kockelianus-ensensis zones interval are very condensed or missing in this section. The correlation graph shows three levels in the section at which FODs are grouped. Sampling intervals are small around these levels. They are found at 8 m, 12.5 m and 15 m from the base of the section. These levels coincide with the bases of the hemiansatus, ansatus and hermanni zones. The position of several LODs on the left side of the LOC in the upper right part of the graph indicates younger LODs in the La Guàrdia d'Ares section compared to the CS and ranges will be extended through the correlation. Both LOCs consist of multiple segments with strongly varying slopes. This indicates rather strong differences in sediment accumulation rates in the Villech and La Guàrdia d'Ares sections compared to the Compte section (reference section) especially in the semialternans/ latifossatus and hermanni zones.
COMPOSITE STANDARD UNITS AND CONODONT BIOZONATION
Projection of the conodont data from the Villech and La Guàrdia d'Ares sections onto the CS allowed the construction of a taxa range chart for most of the Eifelian, the entire Givetian and the early Frasnian (Figures 5-6 ). Subdivided into 51 Composite Standard Units (CSU) based on the thickness of the reference section, the chart provides a high resolution conodont biostratigraphy based on 82 taxa for this interval in the Compte subfacies area. Projection of the CSUs onto the Villech and the La Guàrdia d'Ares sections confirms the correlation of the sections based on the conodont zonation ( Figure 7 ) and additionally allows a precise correlation and projection of levels within the conodont zones. A complete list of the taxa with the CSU values for first and last occurrences per section is given in Appendix.
The oldest strata treated in this correlation project (which are also the base of the Comabella Formation) are placed within the lower part of the Eifelian and are only found in the Villech section. The combined occurrence of Polygnathus angustipennatus, P. partitus, P. bultyncki and P. robusticostatus positions the lowermost part of the studied sequence in the costatus Zone. (Bultynck, 1987) was defined by the FOD of P. eiflius (15) in the Villech section at 21.40 CSU (Figure 8) .
The graphic correlation with the Guàrdia d'Ares section suggests this zone is very narrow or missing in this section (subhorizontal segment in the LOC). The lowest base in the CS of Icriodus obliquimarginatus (17) is in the Compte section. It places the base of the hemiansatus Zone at 23.07 CSU. The FOD of Polygnathus hemiansatus is found higher within this zone. The base of P. timorensis (25), the defining species for the timorensis Zone, is situated several CSUs above the base of P. xylus (21), which is used as an auxiliary index species for the base of this zone (Ziegler and Klapper, 1976) . The lowest base in the CS of P. xylus is at the Villech section. It is found right above a covered interval, which implies that the base of the timorensis Zone might be situated within the covered interval, somewhat lower than the indicated position. Polygnathus ansatus (28), the defining species for the base of the ansatus Zone (=Middle varcus Zone), has the lowest occurrence at 30.27 CSU based on data from the Compte section. This zone contains the FODs of 16 species. In our CS, the FODs of "Ozarkodina" semialternans (39) and P. latifossatus (44) are about 1 CSU apart. They appear together in the same sample in the Compte section, but only "O." semialternans (39) was found in the Villech and La Guàrdia d'Ares sections. On the correlation graph with the Villech section (Figure 3) , the FOD correlation point of "O." semialternans falls on the wrong side of the LOC and Montagne Noire graphic correlation range chart (Klapper, 1997) they are located only 0.1 CSU below and above, respectively, the FOD of Ad. rugosa, the defining species for the base of Frasnian Zone 3 (Klapper, 1997) that was not found in our studied sections.
CORRELATION WITH THE MIDDLE DEVONIAN COMPOSITE STANDARD
The Pyrenean CS can be correlated with the Middle Devonian CS as a next step in the construction of a global composite standard for the Middle Devonian. So far the Middle Devonian CS consists of Ardenne and Anti-Atlas ranges [Gouwy and Bultynck (2002) updated with information from Aboussalam (2003) , Aboussalam and Becker (2007) and Walliser and Bultynck (2011) ]. It contains data from six sections in the eastern Anti-Atlas and nine sections in the Ardenne. The correlation shows a very dense cloud of data points in the upper Givetian making it a straightforward correlation in that part of the graph ( Figure 9) ; in the Eifelian to Middle Givetian portion, less data points are available.
The line of correlation passes through a few important data points; it intersects with the FODs of . Projection of these data points onto the LOC and the CS will lower the bases of these conodont ranges in the Middle Devonian CS. A few LODs are found to the left of the LOC; projection of these data points onto the LOC and the CS will expand the range of these taxa into higher CSU values [P. pseudofoliatus (13), P. angusticostatus (7), P. denisbriceae (36), P. ensensis (20), P. pseudoeiflius (31) and I. struvei 
COMPARISON WITH COMPOSITE STANDARDS OF OTHER AREAS
The Pyrenean CS was also correlated with and compared to the separate CSs of the Ardenne, Anti-Atlas and the Montagne Noire to test the FOD diachrony of the zonal defining taxa. Projection of (Figure 10 ), which clearly demonstrates that several FODs are diachronous between the areas. It is most remarkable in the lower and middle Givetian where the FODs of Polygnathus timorensis (25), P. rhenanus (24), P. xylus (21), P. hemiansatus (19) and Icriodus obliquimarginatus (17) are delayed in several areas. Klapper (1997) and Belka et al. (1997) have already emphasized that diachrony of important first appearances can be substantial and our results confirm this finding.
CONCLUSIONS
The graphic correlation of the Compte, Villech and La Guàrdia d'Ares sections allows the construction of a Middle Devonian conodont database for the Spanish Central Pyrenees containing 82 taxa. It should be emphasized that this is a result based on the correlation of only three sections, and the addition of more sections will most likely increase the precision of the taxa ranges and modify the position of the LOCs as the ranges in the CS database cannot yet be assumed to be 'mature'. The resulting range chart from these sections confirms identification, by means of the index taxa, of all Givetian standard conodont zones and subzones Gouwy et al., 2013; Liao and Valenzuela-Ríos, 2013) . The high-resolution correlation confirms significant variations in thickness of the conodont biozones between the sections. This variation in thickness changes through time in the different sections. Possible explanations for this change can be tectonic activity and/or changes in sedimentation rate during the Givetian. Correlation with the Middle Devonian CS reveals that the CS of the SCP would provide important taxa range extension information and several new taxa when added to the Middle Devonian CS. The correlations also demonstrate the diachronic nature of first occurrence of several important zonal defining taxa, within the SCP as well as between different areas. Since graphic correlation is based on more than just the zone-defining taxa and allows correlation of sections from different paleoenvironments and biofacies, it is therefore an important tool for correlations alongside the more traditional way of correlating using conodont biozonation. 
